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Background. 

1 / 

Periodically,  the  fleet  has  reported  difficulties  with  the  electric  power 
provided  to  its  ships  at  various  Navy  piers.  The  Naval  Facilities  Engineering 
Command  (NAVFAC)  has  initiated  several  projects  to  determine  the  nature  of 
these  difficulties.  These  projects  address  both  the  quantity  and  quality  of 
electric  power  made  available,  the  cable  handling  systems,  and  the  design  of 
distribution  systems.  NAVFAC' a  investigations  have  included  the  measurement  of 
actual  electrical  usage  -  the  two  most  comprehensive  efforts  being  at  Sewell's 
Point,  Va.  in  December  1976  and  January  1977,  and  the  "Quick  Look"  project  at 
U.S.  Naval  Station,  San  Diego,  Ca.  in  March  1982.  The  results  of  the  "Quick 
Look"  study  are  reported  in  reference  (a).  Coine^qnt  with  the  latter,  EG&G 
Washington  Analytical  Services  Center,  Inc.  completed  for  NAVFAC  the  initial 
phase  of  development  of  the  "Port  Systems  Requirements  Prediction  Methodology" 
(PSRPM),  which  uses  the  Sewell's  Point  data  to  predict  electric  power 
utilization.  Reference  (b)  describes  this  methodology. 

When  designing  a  pier  the  Navy  uses  a  technique,  described  in  DM-25 
reference  (c),  for  sizing  the  electrical  power  distribution  system.  DM-25  is 
intended  to  satisfy  long-term  requirements.  The  procedure  has  been  in  existence 
for  over  20  years  as  an  accepted  design  practice.  Some  Navy  officials  question 
the  design  basis  of  this  method  for  estimating  capacity  requirements  for  a 


specific  population  of  ships  at  a  pier. 


The  completion  of  the  "Quick  Look"  project,  the  concurrent  readiness  of 
PSRPM,  and  the  desire  Co  assess  the  DM-25  method  provided  a  propitious  setting 
for  comparing  these  methods  of  sizing  electric  power  distribution  systems.  It 
was  felt  that  this  comparison  would  help  solve  the  difficulties  encountered  by 
the  fleet. 

Objective. 

The  objective  of  this  analysis  is  to  compare  two  methods,  DM-25  and 
PSRPM,  for  determining  the  electrical  power  required  at  Navy  piers. 


Scope. 


The  work  reported  herein  includes  the  determination  of  a  technique  to 
compare  the  DM-25  process  for  sizing  electrical  systems  at  Navy  piers  with  the 
predicted  power  utilization  determined  by  using  the  PSRPM  and  the  degree  of 
confidence  associated  with  that  prediction.  Once  these  actions  have  been 
completed  it  is  possible  to  comment  on  the  adequacy  of  the  DM-25  process.  It 
should  be  emphasized  that  the  DM-25  is  a  capacity  setting  process  while  the 
PSRPM  estimates  the  distribution  of  electrical  power  usage  for  any  desired 
group  of  ships.  A  comparison  of  a  capacity  setting  process  with  a  utilization 
prediction  procedure  is  dimensionally  consistent,  that  is,  both  techniques  are 
concerned  with  the  amount  of  electric  power.  Essentially,  this  study  displays 
two  methods  of  deriving  the  electric  power  required  at  a  specific  pier. 
Additionally,  since  the  results  of  this  study  are  based  on  an  actual 
measurement  project,  it  is  possible  to  reach  some  conclusions  concerning 
measurement  projects  relative  to  their  worth  for  design  purposes. 
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This  report  Is  produced  In  summary  form  only.  No  attempt  was  made  to 
document  the  means  used  to  exercise  the  PSRPM.  This  will  be  done  In  detail  In 


a  follow  on  study  scheduled  for  completion  In  May  1983. 

Approach. 

The  approach  taken  In  this  study  Is  to  first  establish  two  baseline  pier 
and  berthing  scenarios  by  using  actual  conditions  noted  In  the  "Quick  Look" 
study  conducted  at  San  Diego  In  early  1982.  These  will  serve  as  the  basis  for 
both  a  power  utilization  prediction  using  the  PSRPM  and  for  a  design  capacity 
calculation  In  accordance  with  the  design  procedure  of  DM-25.  At  the  same  time 
the  actual  measurements  recorded  at  San  Diego  are  available  to  serve  as  an 
overall  basis  for  comparison.  This  process  Is  depicted  In  Figure  1. 


FIGURE  1.  STUDY  PLAN. 


3 


The  resulting  predictions,  capacity  determinations,  and  data  reduction 
operations  are  then  compared  as  a  means  of  analyzing  the  various  tools 
available  for  establishing  the  capacity  of  a  port  facility.  This  entire 
process,  then,  can  be  viewed  as  a  basis  for  assessing  the  adequacy  of  the  DM-25 
design  process  as  it  relates  to  sizing  power  distribution  systems. 

Discussion. 

It  has  been  observed  that  the  power  utilization  of  a  group  of  ships  is 
less  than  the  capacities  of  all  the  individual  ships  added  together.  This  Is 
attributed  to  both  variation  in  an  individual  ship's  demand  and  coincidental 
loading  between  ships,  leading  to  a  certain  amount  of  diversity  in  the  loading 
between  two  or  more  ships  serviced  from  the  same  transformer.  The  DM-25  method 
accounts  for  this  effect  by  taking  the  maximum  designed  electrical  capacity  of 
the  various  ships  and  reducing  their  sum  by  an  amount  dependent  upon  the  number 
of  ships  serviced.  However,  the  adequacy  of  the  DM-25  design  technique  has 
never  been  formally  validated.  One  output  of  the  PSRPM  is  the  mean  and 
standard  deviation  of  electrical  power  usage  by  ship  class.  This  information  is 
based  on  values  recorded  at  Sewell's  Point  in  1976.  It  is  these  means  and 
standard  deviations  which  are  used  to  predict  the  power  used  by  the  ships  known 
to  be  in  port  at  San  Diego  in  1982.  Thus  by  using  the  same  set  of  initial 
conditions  the  PSRPM  can  be  used  as  a  first  level  validation  procedure  for  the 
DM-25  process.  The  availability  of  measurement  data  for  this  set  of  initial 
conditions  then  becomes  a  second  level  validation  tool  for  the  DM-25  process. 

Baseline  pier  and  berthing  scenarios  are  based  on  actual  conditions 
observed  at  Piers  Two  and  Three  at  San  Diego  Naval  Station,  32nd  Street.  The 


electrical  measurements  span  the  period  from  13  March  through  25  March  1982. 
Tables  1  and  2  summarize  the  data  for  Piers  Two  and  Three,  respectively.  These 
tables  list  the  following  Information: 

1.  The  ships  In  port  each  day 

2.  DM- 2 5  electrical  capacity  for  each  ship  class 

3.  PSRPM  mean  electric  power  utilization 

4.  "Quick  Look"  data  converted  from  amps  to  kva 

5.  Pier  electrical  capacity  using  the  DM-25  method 

6.  Pier  electrical  utilization  using  the  PSRPM  including: 

a.  Mean,  M 

b.  Standard  deviation,  <rcov 

c.  Conservativeness  factor,  K.  This  Is  the  number  of  standard 
deviations  that  the  capacity  derived  by  applying  DM-25  is  above 
the  mean  utilization  predicted  by  PSRPM. 

Figures  2  and  3  Illustrate  electric  power  (KVA)  as  a  function  of  the  day  in 
port  for  Piers  Two  and  Three,  respectively.  Each  figure  contains  four  plots. 

1.  A  dotted  line  for  the  "Quick  Look"  electrical  measurements 

2.  A  solid  line  for  the  DM-25  capacity.  The  conservativeness  factor,  K, 
for  each  period  of  constant  ship  population  Is  shown  above  this  line. 

3.  A  dashed  line  for  the  PSRPM  predicted  utilization 

4.  A  short  dashed  line  showing  a  conservativeness  of  ±5.  This  implies 
that  99+%  of  electrical  utilization  is  expected  to  lie  within  this 

band. 
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QUICK  LOOK  OBSERVATIONS 


For  both  Piers  Two  and  Three  the  DM-25  capacity  was  significantly  higher  than 
both  the  PSRPM  predicted  utilization  and  the  measured  electrical  usage.  This  is 
not  unexpected  because  the  DM-2S  procedure  is  intended  to  satisfy  the  power 
requirements  at  a  pier  for  an  extended  period  of  time.  By  inspection  of  figures 
2  and  3,  the  PSRPM  prediction  is  in  relatively  close  agreement  with  the  actual 
"Quick  Look"  data,  but  it  should  be  kept  in  mind  that  the  statistical  sample  is 
small . 

Conclusions. 

The  PSRPM  provided  an  accurate  estimate  of  the  power  used  by  the  ships 
present  at  piers  two  and  three,  U.S.  Naval  Station,  San  Diego  during  the  period 
of  time  in  which  the  "Quick  Look"  measurements  were  made.  Hence,  the  Port 
Systems  Requirements  Prediction  Methodology  has  been  validated  to  this  extent. 
This  is  especially  interesting  in  light  of  the  fact  that  the  data  used  for 
prediction  was  five  years  old  and  obtained  at  a  different  location. 
Furthermore,  this  study  showed  that  the  PSRPM  can  aggregate  individual  ship 
power  usage  data  to  predict  usage  by  various  combinations  of  ships  and  thereby 
is  capable  of  predicting  power  use  at  the  pier  level.  Finally,  the  DM-25 
capacity  setting  process  consistently  provided  a  capacity  that  was  noticeably 
higher  than  either  the  measured  or  predicted  utilization.  Thus,  a  design 
capacity  derived  from  DM-25  will  be  conservative. 

During  this  study,  it  was  observed  that  the  Sewell's  Point  data  was 
incomplete  in  the  sense  that  not  all  ship  classses  were  accounted  for.  Some 
classes  were  not  existing  in  1976.  Thus,  some  artificial  data  had  to  be 
constructed  to  accomodate  the  ships  present  in  San  Diego  in  1982.  This  process 


tended  to  cause  small,  but  negligable,  errors  in  the  reported  results. 
Additionally,  different  units  of  power  were  used  in  each  data  set.  However,  no 
significant  variation  is  the  results  of  this  study  are  believed  to  have 
occurred  as  a  result. 

Recommendations 

Even  though  the  PSRPM  process  gives  an  accurate  prediction,  it  is  a 
complex  procedure  to  use.  Additionally,  it  makes  no  allowance  for  the  increase 
in  demand  that  occurs  in  the  life  span  of  a  typical  Navy  ship.  Hence  it  is 
recommended  that  the  DM-25  process  be  continued  as  a  direct,  simple,  and 
conservative  process  for  designing  the  power  capacity  of  permanent 
installations.  PSRPM  is  useful  and  economical  where  where  an  estimate  of 
actual  utilization,  rather  than  measured  data,  would  meet  the  needs  of  the 
circumstances  being  Investigated.  However,  the  data  base  derived  from  the 
Sewell's  Point  data  should  be  updated  before  additional  applications  of  this 
nature  are  made.  In  fact  the  output  of  the  current  measurement  program  could 
probably  be  adapted  to  update  the  PSRPM  data  base.  The  PSRPM  could  then  be 
used  as  an  analysis  tool  for  the  current  data  acquisition  project.  Finally,  it 
is  recommended  that  in  all  measurement  projects  that  the  results  be  recorded  in 
the  same  unit,  preferably  KVA,  and  that  data  be  recorded  at  the  ship  level. 
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